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(54) Integral bladed member 

(57) A method of manufacturing an annular bladed member comprising a disc having a plurality of 
integral radially extending aerofoil blades on the periphery thereof and a central aperture from a fibre 
reinforced composite material which comprises injecting a mixture of short fibres and a matrix material 
into a dividable mould (1 1 in Fig. 3) so configured as to define the form of a disc (25) having integral 
radially extending aerofoil blades (27). The mixture is injected into the mould (1 1 ) at such a location 
(23 in Fig. 3) that the short fibres (28) within the aerofoil-defining portions of the mould are radially 
aligned. The mould contains two support rings (18) which are coaxially disposed within the bladed disc 
after injection moulding so as to provide radial support for the aerofoil blades of the thus formed bladed 
disc. The method may be modified to provide the bladed disc with an integral shroud (31). 
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SPECIFICATION 

Integral bladed member 

5 This invention relates to an integral bladed 
member and to a method of manufacturing 
such an integral bladed member. 

It is known to manufacture discs with inte- 
gral aerofoil blades, for instance those which 

1 0 are suitable for use in an axial flow compres- 
sor of a gas turbine engine, by injecting an 
appropriate resin matrix material into a die 
containing reinforcing fibres which have been 
aligned in a predetermined manner. There are 

1 5 problems with such a method of manufacture, 
however, in ensuring that the fibres remain in 
the desired configuration during the injection 
operation. Moreover it is difficult to ensure 
that all of the fibres are so disposed as to 

20 provide a bladed disc with optimum strength 
characteristics. A further disadvantage of the 
method is that it can be expensive in view of 
the fact that the reinforcing fibres usually 
have to be laid-up by hand. 

25 It is an object of the present invention to 
provide a method of manufacturing an inte- 
gral bladed member from a composite ma- 
terial which is cheap and results in an integral 
bladed member having good strength charac- 

30 teristics. 

Discs with integral aerofoil blades also suf- 
fer from problems associated with the centri- 
fugal loads which are imposed upon the aero- 
foil blades during disc rotation. Thus it is 

35 difficult to ensure that the fibre reinforcement 
of the bladed disc is such that the aerofoil 
blades are provided with adequate support 
against centrifugal loading. 

It is accordingly a further object of the 

40 present invention to provide an integral 

bladed member in which the aerofoil blades 
are provided with adequate support to resist 
the centrifugal loadings imposed upon them 
in the event of rotation of the member. 

45 According to the present invention, a 
method of manufacturing a bladed member 
comprising .a disc having a plurality of integral 
radially extending aerofoil blades on the peri- 
phery thereof and a central aperture from a 

50 fibre reinforced composite material comprises 
injecting a mixture of short fibres and a matrix 
material into a dividable die so configured as 
to define the form of a disc having a central 
aperture and integral radially extending aero- 

55 foil blades on the periphery thereof, said mix- 
ture being injected into said die at such a 
location that said short fibres in said mixture 
which enter those portions of said die defining 
the aerofoil blades of said bladed member, 

60 generally radially align during said injection 
moulding step, said die containing at least 
one support ring member prior to said injec- 
tion moulding step which is so positioned in 
said die as to be coaxially disposed within the 

65 bladed disc moulded by said injection mould- 


ing step and located adjacent the radially 
inner portions of the thus moulded integral 
aerofoil blades to provide support therefor, 
and subsequently opening said die to release 

70 the thus moulded bladed disc. 

According to a further aspect of the present 
invention, an annular bladed member com- 
prising a disc having a plurality of integral 
radially extending aerofoil blades on the peri- 

75 phery thereof and a central aperture is formed 
from a matrix material having short reinforcing 
fibres dispersed therein, said short reinforcing 
fibres being generally radially aligned, at least 
within said aerofoil blades, said member hav- 

80 ing at least one support ring so coaxially 
disposed within it as to be adjacent the radi- 
ally inner portions of said aerofoil blades to 
provide support therefor. 

The invention will now be described, by 

85 way of example, with reference to the accom- 
panying drawings in which 

Figure 7 is a view of a part of a dividable 
die for use in the method of the present 
invention. 

90 Figure 2 is a view of the die part shown in 
Fig. 1 containing two support rings. 

Figure 3 is a view of the complete die for 
use in the method of the present invention. 
Figure 4 is a sectioned side view of an 
95 injection moulding apparatus injecting the die 
shown in Fig. 3. 

Figure 5 is a view of a bladed disc in 
accordance with the present invention. 
Figure 6 is a partially sectioned view of a 
100 portion of the bladed disc shown in Fig. 5. 

Figure 7 is a partially sectional view of an 
alternative form of bladed disc in accordance 
with the present invention. 

With reference to Fig. 1 of the drawings, a 
105 portion 10 of dividable die 1 1 (shown in full 
in Fig. 3) comprises a disc shaped portion 1 2 
upon which an annular array of inserts 1 3 is 
located. The inserts 1 3 are circumferential ly 
spaced apart and so configured that the adja- 
110 cent surfaces 1 4 thereof cooperate to define 
the flanks of an annular array of radially 
extending, circumferential ly spaced apart aero- 
foil blades. A band 1 5 extends around the 
radially outer extents of the inserts 1 3. A 
115 plurality of apertures 1 6 is provided in the 

band 1 5; each aperture 1 6 being aligned with 
each space between the inserts 1 3. The disc- 
shaped portion 1 2 is additionally provided 
with a cylindrical insert 1 7 at the center 
1 20 thereof for the purpose of defining a central 
hole in the bladed disc which is to be pro- 
duced. 

Two filament wound support rings 18 are 
placed in the die portion 10 as shown in Fig. 

125 2. The support rings 18 are positioned so as 
to be coaxial with the cylindrical insert 1 7 and 
are maintained in an axially spaced apart 
relationship with each other and the die por- 
tion 10 by a plurality of pins 19 which are 

1 30 located in appropriate apertures provided 
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within the rings 1 8. The support rings 1 8 are 
formed from epoxy resin coated carbon fila- 
ments which have been wound around an 
appropriately shaped mandrel, removed from 
5 the mandrel and then cured. 

The die 1 1 is then closed by placing the 
remaining die portion 20 on the first die 
portion 1 0 whereupon the two are fastened to 
each other by a plurality of nuts and bolts 21 
10 as can be seen in Fig. 3. Thus the interior of 
the die 1 1 defines the configuration of disc 
having a plurality of integral radially extending 
aerofoil blades. 

The com P |ete dte 1 1 is then placed in an 
1 5 injection moulding machine 22 as shown in 
Fig. 4 and a mixture of short, chopped carbon 
fibres and a polyetheretherketone resin is in- 
jected into the interior of the die 1 1 through a 
on central port 23 provided in the second die 
20 portion 20. A plurality of apertures 23 are 
provided in the peripheral surface of the sec- 
ond die portion 20 which align with the 
apertures 1 6 in the band 1 5 so as to facilitate 
the escape of air from within the die 1 1 
25 during the injection moulding operation. 

When the injection moulding operation has 
completed, the filled die 1 1 is removed from 
the injection moulding machine 22 and div- 
ided to provide access to the thus produced 
30 bladed disc 24 as shown in Fig. 5. 

As can be seen from Fig. 5, the bladed disc 
24 comprises a central disc 25 having a 
circular hole 26 at its centre which has been 
defined by the die insert 17. A plurality of 
35 circumferentrally spaced apart aerofoil blades 
27 which are integral with the disc 25 extend 
radially from it. The internal structure of the 
bladed disc 24 can be seen more clearly in 
Fi 9- 6- It will be seen from Fig. 6 that the 
40 short chopped carbon fibres 28 within the 
aerofoil blades 27 are dispersed within the 
polyetheretherketone resin matrix material and 
are generally radially aligned as a result of the 
constriction to flow of the injected chopped 
45 carbon fibre/resin mixture provided by the 
inserts 1 3. This alignment is the optimum for 
the transference of centrifugal loads upon the 
. aerofoil blades 27 to the two support rings 1 8 
which are enclosed within the disc 25 and 
50 located adjacent the radially inner portions of 
the aerofoil blades 27. It will be seen there- 
fore that the support rings 1 8 carry the major- 
ity of the centrifugal loads imposed upon the 
aerofoil blades 27 during the rotation of the 
55 disc 25, thereby considerably enhancing the 
structural integrity of the bladed rotor 24. It 
will be appreciated that although the presently 
described example is provided with two sup- 
port rings 18, it may be desirable in certain 
50 circumstances to provide only one support 
ring or alternatively more than two rings. 
Moreover although the described support 
rings 18 are formed from filament would 
carbon which has been coated with an epoxy 
65 resin, alternative materials could be used in 


their construction if so desired. Thus filaments 
of silicon carbide, steel or alumina could be 
enclosed in a matrix of a polyimide resin, 
aluminium or alloys thereof or magnesium or 
70 alloys thereof, or titanium or alloys thereof. 

It will also be appreciated that mixture used 
to injection mould the blade disc 24 need not 
necessarily be restricted to chopped carbon 
fibres in a polyetheretherketone resin matrix. 
75 Thus chopped fibres of silicon carbide or 
alumina could be enclosed in a matrix of an 
epoxy resin, a polyimide resin, aluminium or 
alloys thereof or magnesium or alloys thereof, 
or titanium or alloys thereof. 
80 The disc 25 of the bladed rotor 24 is 
additionally provided with four holes 29 
equally spaced apart around its central circular 
hole 26 to facilitate its attachment by bolts to 
a flanged shaft 30 of a gas turbine engine as 
85 can be seen in Fig. 6. 

It is envisaged that the method of the 
present invention could be used in the manu- 
facture of bladed rotors 24 which are so 
configured with re-entrant features that they 
90 could not be easily removed from the die 1 1 
after moulding. In such circumstances, mould 
inserts 1 3 could be used which are made 
from a low melting point alloy. The alloy 
would then be melted out prior to the removal 
95 of the bladed disc 24 from the die 11. If the 
bladed disc 24 is formed from reinforcing 
fibres enclosed in a metal matrix, a suitable 
alternative material could be used to manufac- 
ture the insert 1 3 such as a water dispersible 
100 ceramic containing material. 

It may be found with certain bladed disc 24 
configurations that the presence of the sup- 
port rings 1 8 in the path of the injection 
moulded chopped fibre/resin mixture which 
105 eventually enters the die portions defining the 
aerofoil blades 27 may be detrimental to 
blade strength. Thus the support rings 18 will 
divide the chopped fibre/resin mixture flow 
prior to the mixture entering the blade cavities 
110 in the die 1 1 which flow will recombine 

within the blade cavity thereby creating what 
is in effect a weld plane in the mixture within 
the blade cavity. This may be avoided if so 
desired by injecting the chopped fibre/resin 
1 1 5 mixture through the apertures 23 and 1 6 into 
the die 1 1 interior instead of through the 
central part 23. 

It may be desirable in circumstances to 
provide the bladed disc 24 with an integral 
120 shroud ring 31 as can be seen in Fig. 7. Such 
a shroud ring 31 would be useful for instance 
in providing further support for the aerofoil 
blades 27 against the centrifugal loads which 
are imposed upon them during rotation of the 
125 disc 25. Such a shroud ring 31 could be 
provided on the bladed disc 24 by the 
method described in our copending patent 
application entitled "Method of Manufacture 
of a Bladed Disc Having an Integral Shroud" 
130 having the applicants designation NC 25/84. 
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Thus in providing the bladed disc 24 with an 
integral shroud 31, the band 15 around the 
inserts 1 3 could be replaced by wound dry 
fibres which would be partially impregnated 
5 by the injected chopped fibre/resin matrix 
material mixture. Completion of impregnation 
would be achieved by injection of a resin 
matrix material into the wound fibres through 
the apertures 23 in the die portion 20. 

10 The fibres in the shroud 31 could be of 
carbon, silicon carbide, steel or alumina and 
the matrix material injected into the wound 
fibre could be an epoxy resin, a polyethereth- 
erketone resin, a polyimide resin, aluminium 

15 or an alloy thereof or magnesium or an alloy 
thereof, or titanium or alloy thereof. 

It will be seen therefore that the method of 
the present invention provides a cheap, simple 
method of manufacturing strong bladed rotors 

20 24 which is particularly well suited to the 
mass production of such components. This 
being so, the method of the present invention 
finds particular utility in the manufacture of 
small, low cost gas turbine engines, such as 

25 those intended to power expendable vehicles. 
Although the present invention has been 
described with reference to a bladed rotor and 
a method of manufacturing such a bladed 
rotor, it will be appreciated that it is not 

30 restricted to rotor members and could be 
applied to stator members. In the case of a 
stator annular bladed member, the disc sup- 
porting the aerofoil blades would have a lar- 
ger diameter aperture in the centre thereof so 

35 that the apertured disc is effectively a ring 
member providing support for the radially 
inner portions of the aerofoil blades. 

CLAIMS 

40 1 . A method of manufacturing an annular 
bladed member comprising a disc having a 
plurality of integral radially extending aerofoil 
blades on the periphery thereof and a central 
aperture from a fibre reinforced composite 

45 material comprising injecting a mixture of 
short fibres and a matrix material into a divi- 
dable die' so configured as to define the form 
of-a disc having a central aperture and inte- 
gral, radially extending aerofoil blades on the 

50 periphery thereof, said mixture being injected 
into said die at such a location that said short 
fibres in said mixture which enters those por- 
tions of said die defining the aerofoil blades of 
said bladed member, generally radially align 

55 during said injection moulding step, said die 
containing at least one support ring prior to 
said injection moulding step which is so posi- 
tioned in said die as to be coaxially disposed 
within the disc moulded by said injection 

60 moulding step and located adjacent the radi- 
ally inner portions of the thus moulded inte- 
gral aerofoil blades to provide support there- 
for, and subsequently opening said die to 
release the thus moulded bladed member. 

65 2. A method of manufacturing an integral 


bladed member as claimed in claim 1 wherein 
said die additionally contains a wound ring of 
dry fibre which is coaxially disposed within 
said die and which is positioned so as to 

70 interconnect the radially outer extents of said 
die portions defining the aerofoil blades of 
said bladed member whereby said ring of dry 
fibre is partially impregnated by said short 
fibre/matrix material mixture during said in- 

75 jection moulding step, said remaining wound 
fibre which has not been so impregnated 
being subsequently impregnated in a subse- 
quent matrix material injection step. 

3. A method of manufacturing an integral 
80 bladed member as claimed in claim 2 wherein 

said dry wound fibre is carbon, steel, silicon 
carbide or alumina. 

4. A method of manufacturing an integral 
bladed member as claimed in claim 2 or claim 

85 3 wherein said matrix material in said subse- 
quent injection step is an epoxy resin, a 
pofyetheretherketone, a polyimide resin, alu- 
minium or an alloy thereof or magnesium or 
an alloy thereof, or titanium or an alloy 

90 thereof. 

5. A method of manufacturing an integral 
bladed member as claimed in claim 1 wherein 
said at least one support ring is formed from a 
filament wound material. 

95 6. A method of manufacturing an integral 
bladed member as claimed in claim 5 wherein 
said filaments are of silicon carbide, steel, 
alumina or carbon. 

7. A method of manufacturing an integral 
100 bladed member as claimed in claims 5 or 6 

wherein said filament would material has a 
matrix of an epoxy resin, a polyetheretherke- 
tone resin, a polyimide resin, aluminium or an 
alloy thereof, magnesium or an alloy thereof, 
105 or titanium or an alloy thereof. 

8. A method of manufacturing an integral 
bladed member as claimed in any one preced- 
ing claim wherein said matrix material mixed 
with said short fibres is an epoxy resin a 

110 polyetheretherketone resin, polyimide resin, 
aluminium or an alloy thereof, or magnesium 
or an alloy thereof, or titanium or an alloy 
thereof. 

9. A method of manufacturing an integral 
115 bladed member as claimed in any one preced- 
ing claim wherein said short fibres mixed with 
said matrix material are of carbon, silicon 
carbide or alumina. 

10. A method of manufacturing an inte- 
120 grat bladed member as claimed in any one 

preceding claim wherein said inserts are 
formed from a low melting point alloy, said 
alloy being melted prior to the removal of said 
thus produced bladed disc from said die. 

125 11. An annular bladed member compris- 
ing a disc having a plurality of integral radially 
extending aerofoil blades on the periphery 
thereof and a central aperture formed from a 
matrix material having short reinforcing fibres 

1 30 despensed therein, said short reinforcing 


fibres being generally radially aligned, at least 
within said aerofoil blades, said bladed mem- 
ber having at least one support ring so coaxi- 
ally disposed within it as to be adjacent the 
5 radially inner portions of said aerofoil blades 
to provide suport therefor. 

12. An integral bladed member as 
claimed in claim 1 1 wherein said at least one 
support ring is formed from a filament wound 

10 material. 

13. An integral bladed member as 
claimed in claim 1 1 or claim 1 2, wherein said 
filaments are of silicon carbide, steel, alumina 
or carbon. 

15 14. An integral bladed member as 
claimed in any one of claims 1 1 to 13 
wherein said filament would material has a 
matrix of an epoxy resin, a pofyetheretherke- 
tone resin, a polyimide resin, aluminium or an 

20 alloy thereof or magnesium or an alloy 
thereof, or titanium or an alloy thereof. 

1 5. An integral bladed member as 
claimed in any one of dims 1 1 to 1 4 wherein 
said matrix material mixed with said short 

25 fibres is an epoxy resin, a polyethertherketone 
resin, a polyimide resin, aluminium or an alloy 
thereof or magnesium or an alloy thereof, or 
titanium or an alloy thereof. 

16. An integral bladed member as 
30 claimed in any one of claims 1 1 to 1 5 

wherein said short fibres mixed with said 
matrix material are of carbon, silicon carbide 
or alumina. 

1 7. An integral bladed member as 
35 claimed in any one of claims 11 to 16 

wherein the radially outer extents of said 
aerofoil blades are interconnected by a shroud 
which is integral therewith. 

18. An integral bladed member as 
40 claimed in claim 1 7 wherein said shroud 

comprises continuous fibre in a matrix ma- 
terial. 

1 9. An integral bladed member as 
claimed in claim 1 8 wherein said fibre is 
45 carbon, silicon carbide, steef or alumina. 

20. An integral bladed member as 
claimed in claim 1 8 or 1 9 wherein said matrix 
material is an epoxy resin, a polyimide resin a 
polyethertherketone resin, aluminium or an 

50 alloy thereof or magnesium or an alloy 
thereof, or titanium or an alloy thereof. 

21 . An integral bladed member substan- 
tially as hereinbefore described with reference 
to Figs. 5 and 6 of the accompanying draw- 

55 ings. 

22. A method of manufacturing an inte- 
gral bladed member substantially as hereinbe- 
fore described with reference to the accom- 
panying drawings. 
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